Abstract. The drift mobility for electrons and holes, small-signal mobility lifetime product, trapped-carrier density of states in addition to other correlated physical parameters of microcrystalline silicon sample are estimated from the analysis of fielddependent experimental data using steady-state photocarrier grating technique. The filed-dependent experimental data at room temperature of the sample which was prepared by hot-wire chemical vapor deposition (HWCVD) technique, are analyzed using different approaches based on small-signal photocurrent. The exploitation of the electric-field dependence in these approaches is correlating the photoelectronic properties, which are demonstrated by the transport parameters, to the trapped charge density which is usually not easily accessible. This may also justify the enhanced relationship between the minority carrier mobility-lifetime product and trapped charge density and then the sub-gap absorption in the sample under study.
INTRODUCTION
The detection of photocarrier grating amplitude, in a steady-state photocarrier grating technique (SSPG), is a good probe for determining the diffusion length [1] [2] [3] [4] [5] [6] [7] [8] [9] . The measurement of small signal conductivity in SSPG depends on the grating period A which, in turn, varies as the angle of incidence of two laser beams of different intensities. The photocurrent density measured, in an a-Si:H sample, either when the two laser beams interfere to generate gratings which caused a non-uniform spatial distribution of carrier densities that leads to an ac photocurrent called J coh or when the beams do not interfere where the generated carrier density and then the photocurrent, •/,"",/, , are due to a pure bias illumination. The measured ratio (P=J CO h/Jincoh) and its relation to the grating period give the estimated observed value of ambipolar diffusion length L amb [1] [2] [3] . Therefore the photoconductivity of a small spatial modulation (or grating) of photocarrier concentration amplitude depends on L anb . The excitation of photocarriers from trap states creates space charge effects in the sample. The generation of the space charges is controlled by both mobile and trapped carriers. The tendency of generating space charges becomes high when the most mobile carriers (electrons) move away faster than the less mobile carriers (holes). The change in the external field from low values to high values results consequently in a change from diffusion-dominated to drift-dominated transport process. Several theoretical studies based on small signal approximations were used to show the effect of varying electric field on p [4] [5] [6] [7] [8] [9] . This paper concentrates on the investigation of the field dependence of the coefficient /? on the transport parameters by studying the experimental data for microcrystalline silicon thin film sample, using the approaches of Abel et. al. [4] , Li [5] and Hattori et. al. [6] . The application of these approaches on such experimental data may enable us to extract important information on the electronic properties (like drift mobility for electrons and holes small signal mobilitylifetime product of charge carriers and recombination lifetime) and to estimate the trapped carrier density. The diffusion length which was determined from fitting the experimental data in the low-field diffusion regime was employed to fit the experimental data for the wide range of electric fields [7] . We found that this assumption can be adopted within the illumination level of the conducted SSPG experiment for the //e-Si:H sample which corresponds to uniform generation rate of 3.8 x 10 20 cm"V i . The sample was prepared by HWCVD technique in ultra-high vacuum system [10] .
RESULTS AND ANALYSIS
A FORTRAN program developed for each approach using the necessary adjustable parameters in wide range of electric field values and different grating periods, is used. Each of the used adjustable parameters is changed within a range of reasonable values based on the physical grounds. Each choice of parameters gives us the calculated result of/? which is compared to that of corresponding experimental data. However, each program allows us to iterate all possible values of combination of parameters and calculate the % 2 as an indicator to get the best fit to experiment. The best choice of parameters is taken when the value of x 2 is minimum. In the three approaches of Abel et al, Li and Hattori et al, the deviation of theoretical results from experimental data is taken within an average of almost 10% of all experimental data at which the value of x 2 is minimum.
Results Due to Application of Abel et al. Approach
In order to fit the field dependence experimental data of/?, using Abel et al approach [4] , the value of (fit) p extracted from the low field fit and (fit)" taken from the experimental data are employed as input data, in a FORTRAN computer program [8] . Thus, only one adjustable parameter is used to fit the experimental data, here, namely, faT® and y is given a value 0.61. Figure 1 shows the variation of the electric field dependence of/? for the /jc-Si.H sample at 295K. E(Wcrr) Here, the trapped carrier density N, can be obtained from the relation between the total carrier density N 0 [free plus localized] and [k,T^ is approximately equal to e r ejs N 0 , by assuming that N 0 ~N, i.e. the trapped carrier density is much higher than the free carrier density. The list of extracted parameters and the % 2 values are presented in Table 1 .
Results Due to Application of Li Approach
The adjustable parameters a, /J", /jp and gj/N 0 are used in another FORTRAN program [8] to fit the same experimental data. The theoretical results together with the experimental data are shown in Figure 2 . The fitting of all experimental data of field-dependent p started with values of fijfjp (or b) and x/x rfle / (or a) near to or greater than unity in order to avoid breaking the linearization condition for a finite excitation grating [5, 8] . However, the value of L amb extracted from low field fit and inserted as input data in the field dependence fit, is found reasonable at the chosen values of a. The ratio I 2 /h is given a value of 0.06 and idiei = B 0 s^a p i, is used. Table 1 lists all adjustable parameters and X 2 values. Here, the parameters fjj, and fjj, exhibit opposite effects on p at both low and high values of electric field.
Results Due to Application of Hattori et ah Approach
Reasonable fits are obtained to experimental data using five adjustable parameters, namely, fj", /^,, /J'", /J' P and x/x rfld using a third FORTRAN code [9] . The fits to the experimental data of the coefficient p versus applied electric field at room temperature are presented for /jc-Si.H sample in figure 3 . The values of yo~l, y =0.61 and \ did =s 0 s r /o ph previously used in Li approach, are also employed here. The value of a is same as that obtained from Li fittings. The fitting parameters /^ and /^, are found different from those obtained from Li approach, as listed in Table 1 . Again the parameters /^, and /^, exhibit opposite effects on p at both low and high values of electric field.
The small-signal electron drift mobility /;'" is found more sensitive than the hole drift mobility fi' p in fitting the experimental data. This is reflected in the tolerance in the value of/;'" of ± 0.2 x 10" 3 cm 2 V" 1 s" 1 while the value of fi' p is almost invariant.
A reasonable fit could not be reached unless 8 is close to unity at the given generation rates of 3.8x 10 20 cm"V i . This assumption means that a larger value of hole lifetime z' p than that of the electron lifetime T'" is discernible.
Our estimation to hole mobility values at room temperature disagree by two orders of magnitude with those measured by the transient photocurrent technique [11] and three order of magnitude by those found by the field-effect hole mobility measurement [12] , but they agree with those measured by TOF experiment [13] . Moreover, the values of electron mobility differ by almost one order of magnitude to that measured by TOF experiment [13] . Our results also show that /J'" ^ /j" which is an indication that both types of mobility depend on concentration.
Hattori et al. approach gives the least % 2 values among the three approaches. The formula for the carriers charge density N 0 ~N ph~x G 0 /y due to Li approach [5] , is adopted and the value of N 0 obtained seems to have same value as that calculated using the same approximate formula but using x' obtained from fit due to Hattori et al. approach [6] instead of x. Moreover, the calculated value of N 0 , due to Abel et. al. approach, is in agreement with that obtained by Reynolds et. al. [14] Finally, the values obtained, here, for DOS can be ascribed, at most, to the density of deep defects in our sample. These values can also be compared to those of others [13, 15] . The values of N 0 in Table 1 together with the value of (jii) p may be considered as evidence for pronounced correlation between the trapped charge density and the minority carrier mobility-lifetime product. The increase in sub-gap absorption is consistent with the much larger trapped charge density revealed in the field-dependent SSPG experiments.
CONCLUSION
It is worth noting that the investigation of the hydrogenated microcrystalline semiconductor thin film, grown by hotwire chemical vapor deposition technique using both the measurements and the SSPG theory gives us important information on the photoelectronic properties of this type of samples. The use of SSPG theory comprises three different approaches based on the small-signal photocurrent and involves the electric-field dependence in such technique. The experimental data obtained from SSPG technique that cover a wide range of applied electric field values, probe the whole transition region between the diffusion and drift-dominated transport. The analysis of these experimental data leads to the extraction of the information on carriers transport in addition to the ambipolar diffusion length. The ambipolar diffusion length is determined from fitting the experimental data in the low-field diffusion regime, and then employed in the fit of the experimental data for the whole range of electric fields. The comparison of transport parameters among the three approaches facilities the task of fitting experimental data and open "the door" for a selfcontained analysis. This also has the merit of enabling us to estimate several important parameters such as small-signal mobilities of both types of carriers and lifetime. Moreover, the small-signal mobility lifetime product which is an important characteristic parameter in semiconductors, is estimated. The exploitation of the electric-field dependence in the three approaches is correlating the photoelectronic properties, which are demonstrated by the transport parameters, to the trapped charge density which is usually not easily accessible. This may also justify the enhanced relationship between the minority carrier mobility-lifetime product and trapped charge density and then the sub-gap absorption in the sample under study.
Our theoretical investigation demonstrates the weakness in the assumption of local charge neutrality and ambipolarity restriction. It also shows that mobility must be concentration dependent parameter. The extracted transport parameters are found sensitive in the transition region that links the lifetime regime where the ambipolar transport takes place, with the relaxation time where the space-charge effects and bipolar transport become significant. We reckon that the analyses of experimental data of electric field dependence, due to the approaches of Abel et al., and Hattori et al., are more recommended than that of Li approach. Moreover, a well-established formula for the density of states without any prerequisite assumptions from SSPG theory becomes highly necessary for microcrystalline semiconductors. Such formula may allow for more precise determination of DOS from SSPG technique.
Overall, the agreement between the calculations and experimental data is considered reasonable in view of the approximations involved in using the three adopted approaches.
